Introduction
Anastomotic leakage, stricture, and hemorrhage are major complications related to anastomosis after gastrectomy. Compared with leakage and stricture, anastomotic hemorrhage is rare and usually self-limited [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, massive bleeding is lethal if not treated imme-
Results

Bleeding site
The surgical procedures and the incidence of anastomotic bleeding are shown in Table 1 . Of the 1400 patients, 878, 72, and 450 underwent distal, proximal, and total gastrectomy, respectively. Overall, 454 patients underwent esophagojejunostomy using a circular stapler after total gastrectomy or proximal gastrectomy, and only 1 patient underwent a hand-sewn esophagojejunostomy; 67 patients underwent esophagogastrostomy using circular stapler after proximal gastrectomy; 502 patients underwent gastroduodenostomy or gastrojejunostomy using a circular stapler, and 48 patients underwent gastrojejunostomy using a linear stapler; 328 patients underwent a hand-sewn anastomosis after distal gastrectomy. The surgical procedures, bleeding sites, and methods of hemostasis are shown in Table 2 . Anastomotic hemorrhage occurred in 0.6% (5 of 878) of patients after distal gastrectomy, 1.4% (1 of 72) after proximal gastrectomy, and 0% (0/450) after total gastrectomy. The bleeding sites were: the transection line of the stomach using a linear stapler (n = 1); gastroduodenostomy using a circular stapler (n = 3); hand-sewn gastrojejunostomy (n = 1); and esophagojejunostomy using a circular stapler (n = 1).
The rate of anastomotic hemorrhage was 0.2% (1 of 454) for esophagojejunostomy using a circular stapler, 0.1% (1 of 878) for the transection line of the stomach using a linear stapler, 0.7% (3 of 410) for gastroduodenostomy using a circular stapler, and 0.5% (1 of 202) for hand-sewn gastrojejunostomy.
Methods of treatment
One patient underwent reoperation for anastomotic hemorrhage without endoscopic therapy. This patient underwent a Billroth I gastroduodenostomy using a circular stapler following distal gastrectomy. The anastomosis was resected, and manual resuturing was performed, with reconstruction by Billroth II gastrojejunostomy.
The other patients achieved complete hemostasis with endoscopic treatment. Endoscopic views of case 3 (case number as shown in Table 2 ) are shown in Fig. 1 . The operation performed was a Billroth I gastroduodenostomy using a circular stapler following distal gastrectomy. Immediately after the surgery, fresh red blood drained from the nasogastric tube, and the total amount of drainage up to 2.5 h after the operation was 150 ml. The patient developed hypotension, and endoscopic hemostasis was attempted. The bleeding site was considered to be the posterior wall of the gastroduodenostomy, and complete hemostasis was achieved using endoscopic clip.
Endoscopic views of the esophagojejunostomy anastomosis in jejunal interposition following proximal gastrectomy are shown in Fig. 2 (case 4). Fresh red blood coming from the nasogastric tube was noted after surgery, and the total amount of drainage up to 6.5 h after the operation was 140 ml; there was no sign of increased bleeding from the intraabdominal drain. On endoscopy, active bleeding was observed from the esophagojejunostomy. Complete hemostasis was achieved using endoclips.
The physical signs and clinical fi ndings of the patients are listed in Table 3 . The typical sign of anastomotic hemorrhage was increasing bloody drainage from the nasogastric tube, but in one patient, the blood pressure decreased and the heart rate increased without a marked increase in output from the nasogastric tube (case 4). In one patient, a small amount of fresh red blood drained intermittently without any changes in the vital signs, and endoscopic hemostasis was achieved 3 days after the operation. Venous bleeding from the transection line of the stomach using a linear stapler was observed on endoscopy in one patient (case 6).
Adverse events after hemostasis
The patients' clinical courses after hemostasis are shown in Table 4 . No rebleeding occurred in these six patients. Two patients had delayed gastric emptying, and one patient developed an intraabdominal abscess after the hemostatic treatment; no patients developed anastomotic leakage. The patient who underwent relaparotomy started oral intake following a postoperative upper gastrointestinal (UGI) series 7 days after the operation. This patient developed delayed gastric emptying; he was treated by fasting, and he was discharged 56 days after the initial operation. The fi ve patients who underwent endoscopic hemostasis had postoperative UGI series done 4-5 days after hemostatic treatment and started oral intake. Of these fi ve patients, two had adverse events. One patient developed an intraabdominal abscess, and he was discharged 25 days after the initial operation. The other patient developed delayed gastric emptying and was discharged 30 days after the initial operation. It is not likely that the delayed gastric emptying was related to the endoscopic treatment. However, the endoscopic treatment may have induced microperforation of the anastomosis and intraabdominal abscess formation. The three patients without adverse events following hemostasis were discharged on days 10-14 after the initial operation. Three patients received blood transfusions because of anemia due to the anastomotic hemorrhage.
The associations between clinical factors before the operation and the presence or absence of anastomotic hemorrhage are summarized in Table 5 . There were no signifi cant differences between the groups with respect to sex, age, and preoperative hemoglobin level. In the entire cohort, there were 195 patients who were taking anticoagulant drugs, but all of them stopped the anticoagulant medication at least 7 days before the operation. There was no signifi cant difference in the incidence of anastomotic hemorrhage between those taking and those not taking anticoagulant medication.
Operating time, blood loss during the operation, surgical procedure, the extent of lymph node dissection, and the curative potential of gastric resection are shown in Table 6 . The defi nition of the extent of lymph node dissection was based on the Guidelines for diagnosis and treatment of carcinoma of the stomach of the Japanese Gastric Cancer Association [12] , and the defi nition of the curative potential of gastric resection was based on the Japanese classifi cation of gastric carcinoma [13] . The parameters of operating time, blood loss during the operation, surgical procedure, and the curative potential of gastric resection were not signifi cantly different between patients with and without anastomotic hemorrhage. However, there was a signifi cant difference in the extent of lymph node dissection between the two groups. There were 545 patients who underwent D2 or greater extended lymph node dissection. Of these 545 patients, none had anastomotic hemorrhage. The associations between the clinical course after hemostasis and the presence or absence of anastomotic hemorrhage are summarized in Table 7 .
There was no signifi cant difference in the length of postoperative hospital stay between patients with and without anastomotic hemorrhage, but the proportion of patients who needed blood transfusion was signifi cantly higher in those with anastomotic hemorrhage. Delayed gastric empting and intraabdominal abscess occurred as complications after hemostasis. The incidence of delayed gastric emptying was signifi cantly higher in the patients with anastomotic hemorrhage. However, of the two patients with delayed gastric emptying, one had undergone reoperation, and another required endoscopic intervention. Therefore, we cannot conclude that anastomotic hemorrhage leads to delayed gastric emptying.
Discussion
Anastomotic hemorrhage, compared with leakage or stricture, is a relatively rare complication following gastrectomy, and most cases are self-limited. However, when continuous hemorrhage occurs, it is life-threatening if not treated immediately. In the literature, the rate of anastomotic hemorrhage has been reported to be between 0% and 2.0% [1] [2] [3] [4] [5] [6] [7] [8] [9] . The great majority of studies reporting complications after gastric surgery did not focus on anastomotic hemorrhage. There are some reports dealing with the management of anastomotic bleeding after gastric bypass surgery for severely obese patients to whom antithrombotics were given to prevent deep venous thrombosis [14] [15] [16] [17] [18] [19] , but few reports have dealt with the management of anastomotic hemorrhage following gastrectomy for gastric cancer [10] . Fischer [11] reported a case of bleeding from the anastomosis using a linear stapler after gastrectomy for duodenal ulcer treated by reoperation. Umano et al. [10] reported three cases of anastomotic bleeding following esophagojejunostomy or gastroduodenostomy, which were treated by endoscopic microwave coagulation therapy. In many cases of anastomotic bleeding after gastric bypass surgery, epinephrine injection and/or heater probe cauterization was used for endoscopic hemostasis [14, 17, 18] . Tang et al. [19] reported a successful case of endoscopic hemostasis using endoclips for anastomotic bleeding after gastric bypass surgery. Guo et al. [20] reported that, in 92.5% of patients with bleeding from peptic ulcers, permanent hemostasis was achieved using endoscopic clips. Endoscopic intervention is certainly noninvasive compared to reoperation. In the present series, endoclips were used for endoscopic hemostasis, and complete hemostasis was achieved in all fi ve patients so treated. Endoscopic examination is very useful for investigating anastomotic bleeding, because we can identify and localize the source of hemorrhage, treat the bleeding, and estimate the risk of rebleeding [21] . In addition to endoscopic hemostasis, superselective arterial embolization has been shown to be useful for treating gastrointestinal bleeding [22] . However, there is a possibility of anastomotic leakage after arterial embolization, because of decreased arterial blood supply to the anastomosis. Therefore, we should perform endoscopic examination and consider endoscopic therapy when the diagnosis is anastomotic bleeding; in fact, endoscopic hemostasis might have been more appropriate for our initial patient treated by reoperation. Hemorrhage has been defi ned as signifi cant bleeding (>100 ml/h) in the immediate postoperative period that required emergency reoperation or hemodynamic resuscitation [23] . The onset of anastomotic hemorrhage usually occurs within 12-24 h postoperatively, and bleeding is often aggressive, with the development of hematemesis, melena, tachycardia, and hypotension [19] . In our series, bloody drainage from the nasogastric tube was observed several hours after the operation in four patients. Anastomotic hemorrhage probably occurs immediately after operation. Minor bleeding of the anastomosis is usually self-limited and can be treated conservatively.
We treated six patients with anastomotic hemorrhage, shown by tachycardia, hypotension, and increased bloody drainage from the nasogastric tube within a short time. In case 3, the hemoglobin level decreased slightly, and this patient developed hypotension with no increase in the heart rate. This could have been due to epidural morphine administration. However, in this patient, fresh bloody drainage from the nasogastric tube increased within a short time. We performed endoscopic examination within 2.5 h after the operation, and active bleeding was observed from the gastroduodenostomy on endoscopy. The necessity for endoscopic intervention should be judged based on consideration of the relevant factors, such as the amount of bloody drainage from the nasogastric tube, and the heart rate, blood pressure, and hemoglobin level.
In fi ve of the present patients, arterial bleeding from the anastomosis was observed, but only in case 6 was venous bleeding observed. Venous bleeding occurred at the transection line of the stomach. Bleeding from the transection line could result in intraabdominal hemorrhage rather than in intraluminal hemorrhage; however, we have no previous experience of intraabdominal hemorrhage from the transection line of the stomach. Bleeding from a hand-sutured anastomosis occurred in only one patient (case 5). We performed gastrojejunostomy after gastrectomy using a single layer of Gambeestitch anastomosis. The Gambee stitch is a knotted suture, so it could be less effective for controlling bleeding from the suture line than a running suture for the anastomosis. In cases where the Gambee stitch is used, it is necessary to stop all bleeding from the submucosal layer of the stomach before performing the anastomosis.
In the present study, there was a signifi cant difference in the extent of lymph node dissection between patients with and without anastomotic hemorrhage. No patients developed anastomotic hemorrhage after D2 and greater lymph node dissection. Extended lymph node dissection may decrease the blood supply of the anastomosis. Therefore, more careful hemostasis is needed when performing limited gastric resection.
Increased bright red bloody drainage from the nasogastric tube is most useful to diagnose anastomotic hemorrhage. Some investigators have noted that routine postoperative decompression with a nasogastric or nasojejunal tube is not necessary [24] [25] [26] [27] [28] [29] [30] . They reported that nasogastric or nasojejunal decompression did not reduce the incidence of postoperative gastrointestinal complications, and Akbaba et al. [25] reported that postoperative decompression with a nasogastric tube increased pulmonary complications. However, a nasogastric tube is useful for the immediate detection of bleeding from the anastomosis site.
We always observe the drainage from the nasogastric tube for 2-3 h after the operation to confi rm the absence of bleeding, and then we remove the nasogastric tube immediately after the confi rmation of hemostasis. However, when active bleeding is detected, we do not remove the nasogastric or nasojejunal tube.
Some reports have demonstrated an adverse effect of perioperative blood transfusion on the prognosis of patients with gastric cancer [31, 32] . In the present series it was necessary to transfuse three patients with hemorrhagic shock arising from the bleeding anastomosis. The proportion of patients who needed blood transfusion was signifi cantly higher in the group with an anastomotic hemorrhage.
Postoperative anastomotic hemorrhage could be avoided in almost all cases by visual inspection of the anastomosis and ensuring that no anastomotic bleeding occurs during the operation. However, the possibility of anastomotic hemorrhage remains, so when fresh bloody drainage from the nasogastric tube is observed we should immediately perform endoscopic hemostasis to avoid the need for blood transfusion.
Conclusions
Anastomotic hemorrhage after gastrectomy is a rare complication, but if it occurs, prompt treatment is needed. Endoscopic examination is needed, and endoscopic therapy should be considered when anastomotic bleeding is diagnosed.
